The preparation of SAMS-CMC-CS bipolar membrane grafted onto CMC by SAMS was reported. The cross-section view of SAMS-CMC-CS BM were studied by SEM. FT-IR spectrum indicated that SAMS-CMC-CS BM contained -SO 
Introduction
A bipolar membrane is generally composed of a layered polymer structure composed of a juxtaposed cation selective exchange region (CM) joined to an anion selective region (AM) where the electro-dissociation of water is achieved. BMs have been known since the 1950s and have aroused a renewed interest in their ability to generate hydrogen ions (H + ) and hydroxyl ions (OH − ) by water dissociation via electrodialysis over the last decade [1] . Used in electrodialysis processes, BM associated with conventional ionexchange membranes provides a low-energy tool for the production of acids and bases from their corresponding salts [2] . For example, BM electrodialysis has been used in several industries for producing vitamin C [3] , lactic acid [4] , salicylic acid [5] and citric acid [6] [7] [8] [9] [10] , etc. BM electrodialysis has significantly changed the features of conventional processes and eliminated the potentiality of contamination to the environment [11] . Ferrate (VI) species is a strong oxidant, and has been considered for water treatment for years because of its environmentally friendly properties and high efficiency [12] . For instance, it has been used as an efficient water treatment chemical reagent to disinfect microorganisms, partially degrade and oxidize the organic and inorganic contaminants, and remove colloidal/suspended particulate materials and heavy metals [13] . Ferrate (VI) is also a coagulant; during the oxidation/disinfection process, ferrate (VI) ions are reduced to Fe (III) ions or ferric hydroxide, and this simultaneously generates a coagulant in a single dosing and mixing unit process [14] . More importantly, ferrate (VI) is also an environmentally friendly treatment chemical, which will not produce any harmful by-products in the treatment process. Ferrate can be chemically and electrochemically synthesized, and the electrochemical method has several advantages such as safe and simple operation, and is hypochlorite free.
This work focuses on the electrochemical synthesis of ferrate in 14 mol/L NaOH at room temperature by oxidation of porous grey cast iron electrodes. The aim of this work is to prepare SAMS-CMC-CS BM by grafting SAMS onto CMC and to use this modified BM as a separator which not only effectively prevents FeO 4 . The use of anisomeric square pulse with fluctuating frequency was used to destroy the oxide passive layer and maintain the electro-generated ferrate in high yield and in high concentration in the electrolysis cell.
Experimental

Chemical reagents
All chemicals used for the following investigations were of analytical grade. Chitosan with an N-deacetylation degree of 90 %, carboxymethylbathulose with Na content of 6.5-8.5 %, sodium allyl methyl sulphonate monomer, acetic acid and glutaraldehyde were purchased from Guoyao Chemicals Co., Ltd. Poly (vinyl sulfate) potassium salt (PVSK), Poly (diallyldimethylammonium chloride) solution (PDADMAAC) and toluidine blue (TB) were purchased from Medicine and Chemicals Co., Japan.
Preparation of SAMS-CMC-CS BM
Tape casting was used to prepare the SAMS-CMC cation-exchange layer. 0.03 g K 4 S 2 O 8 , 0.02 g anhydrous Na 2 SO 3 and 3 g SAMS monomer were orderly added into 3.0 % aqueous solution of CMC under N 2 and the mixed gel was stirred by magnetic force for 6h at the room temperature. Later epichlorohydrin was added into the gel and vigorously stirred at 70
• C. The SAMS-CMC gel was then poured onto a glass plate surrounded by a rectangular frame (50×50 cm) of about 3mm thickness, and dried at the room temperature. The formed SAMS-CMC membrane was soaked in 0.5 % ferric chloride solution for 15 min, and allowed to dry. To prepare the anion-exchange layer, 3 ml 0.25 % glutaraldehyde was added into a 2 % acetic acid of CS and stirred for 30 min, the solution was then similarly poured on top of the SAMS-CMC layer and dried at the room temperature.
Swelling
Before measurement, the BM was immersed in to the alkali solution for 24 h under ambient temperature to reach a balanced dilation. Then, it was taken out of the solution and carefully wiped with absorbent paper before being weighed. These operations were repeated until a constant weight W wet was obtained. The swelling degree (S.D.) of BM was defined as below:
Colloid titration
A colloid titration was carried out for the measurement of the charge density of the polyelectrolyte. The concentration of -N=CRH + 2 in the CS layer was measured by titration with PVSK as a counter polyanion and TB as a metachromatic indicator. As for the measurement of the concentration of -SO − 3 and -COO − in SAMS-CMC layer, 10 ml of PDMDAAC standard solution was added where the extra amount of polycation was measured by titration with PVSK and TB as a metachromatic indicator in a similar manner. The charge density of the polyelectrolyte (ED) was calculated using the following equations:
where ED represents the charge density in mmol/g; V is the consumed volume of PVSK standard solution in ml; c donates the concentration of the PVSK standard solution, 1.0 mmol/L; m is the weight of the polyelectrolyte.
Mechanism of electrochemical generation of FeO
2− 4
The mechanism of the electro-generated FeO 2− 4 with the septum CS-CMC BM is shown in Fig. 1 , with a laboratory-scale electrolysis bath composed of one cation chamber and one anion chamber separated by SAMS-CMC-CS BM. A porous flat cast ion anode (HT200, C %≈3.4 %, the porous cast ion has a huge surface, and contains Fe 3 C to promote the electrolysis of Fe [2] and graphite cathode were installed. The volumes of both the anode and cathode chambers were 110 ml. NaOH (14 mol/L) was added to both the anode and cathode chambers. A constant current was applied by a direct current source (DF1720SB5A). When a potential difference is established between the two electrodes, salt at the interface of BM is removed during current flow. The cations migrate in the direction of the current through the cation layer to the cathode and the anions flow in the opposite direction. When all the salt ions initially contained are removed from the membrane, the transport of electrical charge through the membranes can only be accomplished by protons and hydroxyl ions and thus water dissociation commences. Due to the dissociation equilibrium, protons and hydroxyl ions removed from the system will continuously be replenished. The net results are that an alkaline solution is formed on the anion-exchange side of the BM, where FeO 
The current efficiency (η) is given by the equation:
where c is the mole concentration of FeO 
Application of a cylinder electrolysis bath Electrochemical generation of FeO
2− 4
was carried out using a laboratory-scale cylinder electrolysis bath as shown in Fig. 2 , which was composed of one cation chamber and two anion chambers separated by a SAMS-CMC-CS BM. A porous cylinder grey cast iron anode, graphite electrodes and stainless steel cathodes were installed. The volumes of the anion chambers in and out were 20 ml and 560 ml respectively, while that of the cation chamber was 420 ml. NaOH (14 mol/L) was added to both the anode and cathode chambers. 
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Results and discussion
Scanning electron microscopic analysis
The cross-section SEM photographs of BMs were observed by a PHLIPS-XL 30 SEM.
As shown in Fig. 3 .A, two distinct layers in CMC-CS BM (the thickness is about 100μm) were observed. The upper layer is the CMC membrane and the other is the CS membrane. The structure near the junction region seems more compact than other parts of the BM and the thickness of the intermediate layer is less than 7 μm.
As shown in Fig. 3 .B, two distinct layers in SAMS-CMC-CS BM (the thickness is about 450 μm) were also observed. The interface near the junction region seems less clear than that of CMC-CS BM and the thickness of the intermediate layer is less than 2.3 μm. It has been pointed out that the intermediate layer plays an important role in the water dissociation. The shrinking of the junction region would lead to a lower impedance, a facile ion-transfer and a more effective water dissociation [15] . 
FT-IR spectra
Spectra for the characteristic functional groups were recorded on an American Necolet AUATAR 360 FT-infrared absorption spectroscopy. Fig. 4 displays FT-IR spectra of SAMS-CMC layer and CS layer before and after modification. in the CMC membrane. As for the SMAS-CMC layer (Fig. 5.A) in the cation-exchange layer would reduce the voltage of electrolysis. This effect might be due to a special structure of the transition region after the heavy metal ions penetrate into the junction of BM, which may result in a more hydrophilic interphase and accelerate the water dissociation as a consequence [12] . 
Swelling of CS-CMC BM
Since the electrochemical generation of FeO 2− 4 reaction has to be set up in alkaline conditions (Eq. 4), the swelling of SAMS-CMC-CS BM and CS-CMC BM in different concentrations of OH − solution were studied.
As shown in Fig. 6 swelling is quite similar to that in alcoholic solution and can be explained by the theory of plasticization [16] . Certain concentrations of OH − could help dissociate the hydroxyl groups, weaken the interaction between molecular chains and increase the activity of chain segments as a result. The molecular chains should stretch as a consequence of the repulsion between the co-charge groups, which would result in a much larger free volume in the membrane. However, when the concentration of OH − increases to a limiting value, the extra charges would cover the charge groups, which would weaken the interaction between the molecular chains, and consequently make the chains curl and decrease the degree of swelling. In the system for the electrochemical generation of FeO 2− 4 , where the BM is soaked in saturated sodium hydroxide solution, there is a lack of water. The BM becomes inflexible, the plasticization and swelling both decrease. All these changes should promise a better shape stability and mechanical strength for the BM.
Charge density
As shown in Fig. 7 , the charge density was highly affected by the pH value, since the weak electrolytes, -N=CRH + 2 and -COO − should be expected to dissociated in the strong acid and alkaline solution.
In SAMS-CMC-CS BM (Table 1) , the charge density of -N=CRH While in CMC-CS BM (Table 2) , the charge density of -COO − in CMC cation-exchange layer was about 9.01 mmol/g. Obviously, the ion-exchange ability of SAMS-CMC-CS BM is better than CMC-CS BM. Compared with values in the literature, such as 0.76 mmol/g of -NH + 3 and 0.33 mmol/g of -COO in carboxymethyl chitosan [17] , 0.162 mmol/g [18] , 0.176 mmol/g [19] and 0.189 mmol/g [19] of -NH For Nafion CM, OH − generated in the cathode chamber can hardly pass through the Nafion membrane and get to the anode chamber ( Fig. 8.A -ρ-) . Hence, the concentration of OH − in the anode chamber decreases during electrolysis (Fig. 8 -ρ-) , which obstructs the generation of FeO 2−
. For SAMS-CMC-CS BM, OH
− generated in the cathode chamber directly migrates into the anode chamber ( Fig. 8 .A -• -) and compensates for its consumption (Fig.  8.B -• -) . Moreover, CS-CMC BM not only effectively prevented FeO 2− 4 from diffusing into the cathode chamber, but also plays an important role in the supply of OH-consumed during the electrochemical generation of FeO 2− 4 process. Compared with CMC-CS BM, the cation-exchange layer of SAMS-CMC-CS BM contains -SO − 3 ,a strong-acid functional groups, which would increase the ion-exchange capability, reduce the membraneresistance, and enhance the ion-selectivity at the same time. Thus, under the same electrolysis condition, the OH − yielded with SAMS-CMC-CS BM (Fig. 8 .A -• -) as septum was greater than that of CMC-CS BM (Fig. 8.A -•-) , and both are greater than the OH − penetrated through CS AM (Fig. 8.A --) . As shown in Fig. 8 , the concentration of the electrochemically generated FeO 
Conclusions
SAMS-CMC-CS BM was prepared which containing -SO 
